
PATWr SPECIFICATION 

743.S66 

Dote of Application and pling Complete Specification May 11, 1953. 
No. 13150153. 

Complete Specification Published Jan. 25, 1956. 



Index at acceptance 



-Classes 1(3), A1D(1 :41), A1D(1GS0:41GS0) ; 2(2) F4 G; 2(5), 
pfi P1D(1B:5), P(1F2:4A)/P4D(1A:3B1) P4(P2:^^^^^^^ P7A, 
Pn^(lA:2Al), P7F2, P8(A:D2B2: F2), PIOA, P10D(1A:2A), 
P10(F2: K4), R21A; and 22, DX, H2. 
COMPLETE SPECIFICATION 



Improvements in or relating to Hollow Particles 



10 



L James George Fife, M.Sc., Ph.D., 
FR.IC Consulting Chemist and Chartered 
Pken^t Agent, of Bank Chambers, 329, High 
Holbom, London, W.C.I, a British Subject, do 
6 hereby declare the invention, for which 1 pray 
that a patent may be granted to me, and die 
mediod by whidi it is to be performed, (as 
communicated to me by The. Stendard Oil 
Company, a corporation organised under the 
lawsTthe State of Ohio, United States of 
America, of Midland Building, Qweland, 
Ohio, United States of America), to be par- 
ticularly described in and by die following 
statement : — 
15 The present invention relates to a process 
of forming hollow particles from fflm-ftmmng 
. material, and to the particles which are pro- 
duced by tiiis process. 
Hollow particles formed of plastic matanal 
20 have heretofore been prepared for a vanety 
of uses. However, it has been found quite 
difBcult to prqpare hollow particles which are 
completely free from holes. In consequenc^ 
such particles, when placed on the surface of 
a liquid of low viscosity and surface tension, 
quickly fill widi liquid and sink to the bottom. 

In accordance with the invention, a solutom 
comprising a volatile solvent having dissolved 
therein film-forming material and a latent gas 
80 is subdivided into droplets and die droplets 
are then subjected to a drymg tcnq)erature 
at which the solvent is volatilized and a hole- 
ficc tough surface skin is formed on the par- 
ticles, and at which the latent gas is convated 
86 into a gas. In diis way gas is liberated within 
die particle coincident widi its fonnattcm and 
is trapped beneath the surface skin of the par- 
tide, and either forms a hollow space therfr- 
within or finds its way into a hollow space other- 
40 wise formed tiierein, and through its presence 
there tends to prevent collapse of the partidc 
walls under pressure of the atmosphere. 

The term "latent gas material" is used here- 
in to refer to any material, whetiier solid, liquid 
46 or gaseous, which can be dissolved in the sol- 
TOt employed to dissolve the plastic material 

:f— 
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and which can be converted into a gas, Le., 
which produces a gas or is rendered gaseous,, 
at an elevatetd temperature, preferably a ton- 
perature at which the synthetic plastic solution 60 
may be dried. The agent may itself be a gas, 
which prior to the conversion is in dissolved, 
form in die solvent, or it may bo a liquid or ■ 
solid which volatilizes or reacts with another 
material or substance or decomposes to form 66 
a gas at such a temperature. 

For example, if water is employed as the 
solvent, dissolved gases wlhich may be em- 
ployed indude dissolved carbon dioxide, 
methyl chloride and ammonia, while if an or- 60 
ganic sdvent is employed, dissolved gases such 
as methyl diloride, dimethvl ether, ethylene 
oxide, methyl amine, methyl bromide, and di- 
meth^ amine may be used. 

There are a large number of liquid and 65 
solid substances which are decomposable at 
devated temperatures or react with other 
materials or substances to produce jgases, and 
are designated by the art as " Wowing agents." 
These substances are widdy used to produce TO 
cdlular plastics and plastic foams. Any blow- 
ing agent may be employed in the process of 
the instant invention, provided it is soluble in 
the solution of film^orming material 

Satisfactory blowing agents indude inor-76 
ganic and organic salts sdected from the gr^nip 
consisting of carbonates, nitrites, carbamates, 
oxalates, formates, benzoates, sulfites and bi- ' 
carbonates, such as sodium bicarbonate, sodium 
carbonate, ammonium carbonate,, sodium 80 
nitrite, ammonium chloride, ammoidum car- 
bamate, flmmonium bicarbonate sodium si£- 
fite, raldum OKaJate, magnesium osalate, sod- 
ium formate, ammonium benzoate, ammonium 
nitrite and mixtures forming the sam^ and or- 
ganic substances sudi as p-hydroxy phenyl- 
azide, di-N-nitrosopiperazines, polym^ylene 
nitroso4iniines,such as di-N-nitrosopentan^y- 
lene tetramine (Unicd N.D.) and trimethylene* 
trinitrosamine and compounds contaim'ng two 80 

more groups of the fomoula CON ^ilkyl) 
NO, sudi as succin-bis (N-nitrosomethylamide); 
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diazoaminobenzene (the material known under 
me registered Trade Mark Porofor DB), 
diazoiso-butyric add dinitrile (Porofor N), and 
homologues thereof prepared using Cyclo- 
ps hexanone (Porofor 254) or methyl ethyl ketone 
instead of acetone. 

Many of die above blowing s^ts will react 
.vnth other substances^ to instantaneously pro- 
ift Carbonates and sulfites, for 

lU ^mple, sudi -as sodiuii carbonate and sodium 
sulfite, react with acids such as hydrochloric or 
^dfunc to produce: carbon dioKide and sulfur 
dK)xid^ respectively, Ammonium salts react 
with bases such as sodium hydroixide to liberate 
15 ammoma. Therefore, by feeding in hydro- 
. chlcmc add solution to a solution of a film- 
formmg material ii accordance with the in- 
vention contaimng a carbonate or sulfite just 
as the solution is CQtering the atomizer, carbon* 
w dimxdt or sulfur dioxide is Hberated and is 
^ preset during spray-drying as the gas neces- 
sary for forming hole-free hoJlow partides. 

Since the amount of gas or gas-produdng 
substance, coUectiVdy termed 'latent 
»0 matenal herein^ that is i^uired wiU depaid 
, ^ upon the weight of the solution and upon the 
amount of gas formed pdr unit wdght of the 
latent gasy specific quantities and ranges can- 
«n I ^ general, hovt^Sver, it may be 

5W said that an amounfin the range of from 01 % 
to about 25% by wd^t ^die solution % 
usually suffident. ' , 

The invention is applicable "to the fmna^ 
taon of hoUow particles from any natural or 
m synthetic ^-forming material which is soluble 
. . in an acidic,, alkaline or" neutral aqueous solu- 
. - doi^ or in an organic solvent, and which can 
lonn a solution whose viscosity is suflEidendy 
low to premit subdivision ot the solution into 
40 small droplets, . and whidi is capable of gelling 
. on evaporation of a. solution thereof to form 
a rekuvely tough .gas.-inipcrmwbie skb or 
film. 

The ^ term "fihn-forming material" is used 
45 herein to refer to film-foimijig. synthetic plas- 
, tic materials, as a dass, ir\r}»e(\fy^ cellulose 
derivative, such as cdlulpse acetate, cellulose 
acetate-butyrate, and cdlulose acetate-pfopibn- 
CA ' thermoplastic synthetic resins, sudi as 
50 polyvmyi resins, i,e., polyra.yl alcohor(water^ 
or (ttganic solveijt-soluble), polyvinyl dilqride, 
copolyiners of vinyl chferide and vinyl acetate^ 
polyvmyi butyral, polystyrene, pdlyvinylidene 
chloride,, adylic. resins such as pQlymethyJ. 
66 methacrylace, polyallyl, polyethyle^ and.pdy- 
. , anride (nylon) resms,.and.(iermo^«etiing resi^ 
in the tfaermoplasdc water-' or' bigaoic solvent- 
soluble stage of partial! pdyiiierization, .tiie 
resins being cony eij^. after, or during forma- 
80 t3<Hi"df the pwtides iiitQ' a. icipre or less fully 
. pdyinenzed jsolv^Mit-insoIubJe stage, siidb as 
alkyd, . pplvsiloxan^ . .pheiool-formaldehyde, 
urea-formaldehyde, an^ . pidamme^formalde': 
hyde renins. All of these resins are fihn-ferming 
06 and therefore capable of forming tougfa-sUnned 



partides during evaporation of droplets of 
sdutions thered in aqueous or oiganic sol- 
vents. Natural film-forming materials are also 
induded within the scope of the form, indud- 
ing soybean protein, zdn protein, alginates, 70 
and ceUulose m solution as cellulose xanthate 
or cuprammonium cellulose. Inorganic fion-^ 
forming substances such as sodium silicate are 
also contemplated as within (Jmt scope of the 
above tarn • 75 

Hie solvent employed will, of course be 
dictated by die solubility of the film-forming 
matiarial used:. The solvent should, upon 
evaporation;, be conducive to gdation of die 
matenal, so diat a tough skin is quickly formed 80 
over liie surface of die droplet Water, alcohols, 
ediers, esters, organic add, hydrocarbons and " 
dilorinated hydrocarbons, are the most note- 
worthy satisfactory solvents. 

The concentration rf die solution of fihn- 86 
formmg material is not critical. The lower 
limit is governed by die size <rf the partide, 
for die smallest partides are f<ttmed from 
dilute solutions. Tlie upper Hmj» is set by tiip 
viscosity of solutions of the material and by 80 
partide size. . . 

It is desirable diat the droplets not be so 
large that shrinkage is great in proportion to • 
die size of die droplet Shrinkage is also de- 
texmmed. in part by die concentraticn of the 95 
soluttoa It has been found that good results 
may be obtained with sdutions wMch contain 
.:^_,much as 30% fihn-forming material, and - 
that optimum resuhs are obtainable with sdu- 
tions containing from 1% to 15% fihn-form- 100 
mg_material. .Solutions as dilute as 0.1% have 
given satisfactory results. Aqueous solutions 
whiph.p(^tain from 1% to ^0% pdyvinyl 
^octd (viscositv of a 4% aqueous solution at 

m JS^N^ ^1 ^7J^^ Hoeppler falling- 105 
.method) or from 1% to 30%, preferably 
Z% to 10%,, phend-formaldehyde resin, are 
. very satisfactory. 

l^e.soluticm is prq)ared, subdivided into 
droplets, and dried, by omiventional means. 110 
1 He use of spidj drying equipment, in which 
die droplets are dried in a current of hot gas, 
usuaUy mr, is .espedaliy advantageous. The ' 
Jymg temperature is adjusted according t6 
^e stabihty and softening point of diTlm- 115 

formmg matmal, die size ofdie droplets pro- 
duced a^ die volatility of die solvent em- 
ployed. However, because of the cooling effect - 
pt evaporation, djTing air of very hi^ tem- 
peratures may be used widiout injury to low 120 
mdtipg pi easily decomposable materials.. 
^ Thp dry. particles in "accordance widi die 
mventiott - diat are produced m cwiventional 
SDi^ drymg equipment, employing solutions ' 
ot tfae concentrations indicated above, are verv 126 
smaU, ITiey are ordinarfly spherical in shapZ 
Frequendy dieir diameter is about ten times 
*e thickness of die plastic skin surrounding 
meu hoUow mterior, but diese dunensionsjriU 
depend uptm die droplet sfee produccd by die 180 
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equipment used and the cx)aceQtration of the 
fi£a>fonning material in the solution. 

The following examples illustrate the in- 
ventioa Sufficient ammonium hydroxide was 
5 added to each solution to make it slijghdy alka- 
line, in order to prevent decomposition of the 
latent gas. 

Examples 1 to 4 
Four aqueous solutions of a water-soluble 
10 partially polymerized {^enol-formaldehyde 
resin, (the material knovm under the Regis- 
tered Trade Mzxk Durez 14798) were pre- 
pared. One of these solutions did not contain 
any latent gas> while the other contained, as 
15 latent gases, 1% ammonium carbonate, am- 



monium nitrite, and dinitrosopentamediyl- 
enetetramine, respectively. 

The solutions were spray dried under the 
conditions set forth in the table below and the 
hollow partides obtained were tested in order 20 
to determine the number of hole-firee particles 
prcduced. In this test, hereinafter caUed the 
"flotation test," a weighed quantity of the 
spray-dried particles is floated in a bath of 
petroleum naphtha and the percentage of the 25 
origmal sample which sinks after 24 hours is 
determined. In order to pass this test, at least 
95% of the sample must float 

The results were as foliovps: — 
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Feed Stock Composition 
Solid 

Wt. % - - 
Solvent 

Wt. % - - 
Latent gas 
Wt. % - - 
Operating Ccmditions 
Air Temp. * F. 
Inlet - - - 
Outlet - - 
Feed rate cc/minute 
Calcd. recoveiy vst. _ 

(1) DNPT is dinitrosopentamethylenetetramine 
Product Properties 



1 


2 


3 


4 


Durez 


Durez 


Durez 


Durez 


14798 


14798 


14798 


14798 


10 


10 


10 


10 


Water 


Water 


Water 


Water 


- 90 


89 


89 


89 




DNPT<»> 


(NHJ.CO. 


NH«NO, 




1.0 


1.0 


IJO 


- 700 


700 


700 


■ 700 


- 400 


400 


400 


400 


- 95 


105 


111 


111 


- 90 


100 


91 


87 



Density gms./cc 

. Dry bulk - - - 0.412 

liquid displacement - 0.944 

Gas displacemoit - 1.10 

Size (microns) 
Average "subsicve 

sizer" - - . 14.4 

Raz^e, microscopic - 2 — TD 

Flotation Test 

% Sunk after 24 hours 100 2.0 



0.073 
0.346 
0.551 



14.6 

2—30 



0J63 
0.449 
0.879 



22.4 
2^30 



0.091 
0.353 
0.497 



17.6 
2-^0 



3.0 



1.0 



Examples 5 to 7 
Aqueous polyvinyl alcohol (J?VO) solutions 
were prepared^ two of which solutions con- 
tained ammonium carbonate and one of which 
60 contained ammonium nitrite. Hie solutions 



were spray dried under the conditions set forth 
in the table^ and the recovered partides w^e 
subjeaed to the Flotation Test, witii the re- 
sults listed: — 



65 Feed stock; 5 

Plastic material PVA 

Wt. per cent. 4.9 

Solvent HoO 

Wt. per cent. 95 

70 Latent gas (NHJaCOa 

Wt. per cent. - - - - - 0.1 

Decomposition temp. C. - . - 58 
Operating conditions: 

Air temp. ° R: Met - - - 500 

75 Outiet - - - 230 
Feed rate, cc/min. - - - - . 95 

Calod. recovery, wt. % - - - ^ 



6 
PVA 
5 

HaO 
94.5 
(NHACO3 
0.5 
58 

600 
270 

80 

91 



7 
PVA 
5 

H^O 
94 
NH^NOg 
1.0 
80 

600 
330 

91 

73 
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: . .... 5 . 6 . 7 ' . 

Product properties;. 
Density fe/cc) 

. Drybudk - - - - - - 0,058 0,068 . 0.16 . 

o Liquid displacement - - - 0.17 0.W2 0:39 

Gas disjAacement - - - 029 0.46 0,51 
Size (microns) 

Average "subsieve sizer" 17.5 23 . 15.5 

Range (microscopic) - - 5—50 5—50 3— r30 
10 - Flotation test - 

% sunk 24 hours - trace 2 1 
PVA=polywttyl alcohol resin. Viscosity (oentipoises) A — 6 in 4% solution 

in water at 20** C by Hoeppler Ming baU method, . ' 

Examples 8 Xnd 9 meihylenetetramine and 60% filler. These 

10 ' Aqueous SGfiutknis of water-^uble partially solutions were spray dried in standard appara- 20 
polymerized phpol-formaldielyde resms were tus under the -conditions set forth in the table 
prepared containing Zk.% of a commercial below, and the particles thereby produced 
blowmg agent cohtaining .40%^dinitr6sopenta- tested, with the following results:— 

" .... 
Feed "stock: ^ ' 8 9 

«o Plastic material - - - - - ' : *Durez **Bakclite 

^ 15281 BR 18372 

Wt per cent - - . - - - 10.0 - - 10.0 

S(AYSDt H,0 water 

Wt, per COIL 89.0 " 89.0 

dO Latent gas . DNPT . DNPT 

Wt per cent. - - - - - i,o active 1.0 active 

. Decomposition ten^. of 

latent gas,- ' C, • - - above 100 above 100 

. Qperatmg conditions: 

86 Air temp. " F.-t Met • . 700 700 

_ - Outlet - - - 400 450 

Feed rate, cc/min. - - .- -..^^ .45. 66 
Calcd. recovery, wt %;'-. -- - — * '-^J^ 

Product properties : 

40 Density (e/cc) . . 

Pfy t?^. : - -0,048 . 0.047 

Liquid displacement - - . 0.280 0211 

Gas displacement - - - - 0.681 .r - 0362 
Size (microns) 

• 46 Average " subsieve sizer " • 18,6 24.6 

Ranjge (miaoscopic) - - 2—40 • 5 60* 

Flotation test 

% Slink 24 hours - r> . . 3 0 - { q 
* *Water-soluble partially polymerized phenol-f ormaldehyde - resin, - 
60 - - .*^e word **BafeeUte'*^ is a registered Ti^ 

A -ir^^^^^^^r Twp per cent of ihe particles sank when the --•^ 

.An aqueous 10% solutaoa of sodium sihcate material was subjected to the Flotation Test 
VPas prepared containing 2i% of 40% dinitroso- 

pentamethylenecctramine and 60% filler and ; Examples 11 akd 12 

56 ±e solution spray dried. The air tenmerature ■ This example illustrates the use erf a dis- 70 

at the inlet was 700** F. and at the outlet 360* solved gas as the gasifying agent 
F.,^and ihe solution was fed in at a rate of Aqueous 5% polyvinyl alcohol* (viscosity 4 

153.8 cc. po- mmute. The calculated particle "to 6*cp. m 4% aquemas solution at 20** C bv 

rewOT was 80,6%. The piodua had a diy Hoeppler falling-baU metixod) solutions were 

00 bulk density of 0.23$ grams per cc, a liquid prroared and" saturated* with carbon dioxide 75 

dwplacgnent of 0.580 and^ gas displacement and methyl cMoride, respectively; The solu- 

of 0.693 ^cms per cc The average partide tions were then spray dried under conditions 

size was 22,2 microns, as determined, by a set fortii in' the table bek>w, and the particles 

• Subsieve Srzer, and the range of partide recovered tested mtJi die. following r^ults:— 
65 size observed m die nucroscope from '5"'tQ 40 . . ^ 
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Feed Stock: 11 p^. 

Plastic material ' PVA PVA 

Wt per cent S.O- ^ w 

Solvent - H,p H,0 

6 Wt per cent 95^0 9^0 

Latent gas O^a 

Wt percent Sat'd SaW 

(pH. 4.5) 

Operating conditions: 

10 ^ ISnp. ^ R Inlet - - - 445 4^ 

^ Oudet - - 265 260 

Feed rate, cc/min. . - - 99 102 

Calcd. recovery, wt. % - - 74 7D 

Product properties: 

16 Density (g/cc.) - 

Dry bulk 0.15 0.^ 

Liquid displacement - - ^ 0.57 JJ*©? 

Gas displacement - - « - 0.61 0.61 

Size (microns) 

80 Average " subsieve sizer - - 6.8 in « 

Range (microscopic) - - - 5—25 
Flotation test ^ 
% sunk 24 hours - - - - 1.0 1.^ 

PVA=polyvinyi alcohol 

26 The action of the latent gas in the process phere, so that coUapse of the walls or forma- 
of the invention has not been absolutely esta- tion of holes dierein cannot occur. Also, smce 
Wished by experiment^ evidence. The follow- the gas pressure within the pamde during dry- 
ing theorv has been proposed as a possible ex- ing exerts a force on the waUs while they are 
plMation in the light of the evidence available, still plastic, die droplet does not shrink nearly 70 

an but the invention is not to be limited thereby, as much as when die gas is absent In fact, 

When a solution of fihn-fonning material if sufficient gas is present it should be possible 

^ch does not contam a latent gas is spray to form particles of larger diameter than the 

dried, hoUow particles may be foimed, but droplet, die partide walls bemg expwided 

such particles ahnost invariably contain holes, whfle still plastic durmg formauon of ^ 76 

36 It Is ±ought, by way of explanation, that as dierewithin. This thecwry explams why the 

the solvent evaporates from die droplets, sur- material employed must be filmrf orming since, 

face shrmkage and surface tiiickening occurs unless a tougji, relatively gas-inq)ermeable skin 

in the droplet, and these changes continue until is formed on the surface of the droplet during 

the droplet has decreased considerably in dia- drying, gas is not retained within die partide gO 

iO meter and a diick skm, which has suffident in sufficient quantity to devdop the necessary 

mechanical strength to resist further shrinkage, pr^sure. 

is formed aroimd die remammg liquid. There- The small, hollow, hole-free particles pro- 

after solvent is lost by diffusion through the duced in accordance with me invention have 

skin 'and a partide is formed having a hollow a wide variety of uses. They may, for example, g6 

i6 interior fiU^ widi solvent vapor. After die be used per as a fill type msulation materkl, 

partide is coded upon emerging from the dry- or as fillers m place of granulated cwrk and like 

iig chamber, ±e solvent vapor widun con- matenals of cdlular structure in manufactur- 

d«ises and the pressure withm die partide is ing molded artides, Imoleum and floor tile, or 

reduced to die vapor pressure of die sdvent as aggregate m concrete and plaster. The hd- OQ 

fiO at room temperature. The pressure of die low partides nay^ also be a<ttiered togedier 

atmosphere outside die partide may dien using vanous tedmiques or bmders, to produce 

become suffidentiy great, in rdation to die a sdid cellular ^pe material of the nature of 

pressure widun die partide, to wholly or par- plastic foam and expanded plastics, for use 

naUv collapse die partide or push in duxjugh as diermal, dectncal and sound insulatim «§. 

Rfi weak spots in die skin, producing hdes. material, plaster board, gaskets, seals, buoys. 

When a latent gas is present, it is ±ought flotation equipment, aurcraft components, boat 

diat die droplets of solution as solvent evapor- hulls and decks, shock insulation, ice buctets, 

ates, shrink widi formation of a surface skin, toys, decorative items, furmture, and luggage, 

as before Thereafter, latent gas which is con- Sheets of die adhered hdlow partides are very iqq 

m verted into gas widim die skin is trapped useful as honeycomb core materials, as fot 
widiin die droplet. Aldiou^ die solvent posi- example in sandwich structures formed by 
sibly may diffuse out dnough die skin, diis gas bonding die honeycomb core between two re- 
is confined in die space dierewidiin. This gas, latively dun, dense, high strength faces or 
if it exerts a sufficient pressure, assists die par- fikms to form structural, decorative or special i05 

06 tide walls in resisting the pressure of the atmos- purpose panels. The face materials may con- 



sttst of plywood, metal, plastic laminates, or Mtides of tie invention is in insulation. 

M , , . Because of liieir small diameter and compres- 
Compr^sible lubricants can be prepared by sibility due to thdr" hollow structure, the hoi- 
blending th^ hollow particles of an oil-resis- low particles can readily be poured into a ifi 
& tant resiVSUch as polyethylene, with oils and " location, packed imder pressure and sealed, - 
^easa. Thte product can be compressed am- * as in fill-type insulation material, 
siderabljr.aild placed in shock absorber mount- * Layers <tf a wide variety of hoHow particles 
ings. l^dar the pressure of die hoJlow par- ' prepared as set forth in die preceding examples, 
tides, the grease is then fraced mfo' the de^ were packed in a Htch apparatus and the 20 
10 ared plac^. thermal condudtivity of the layers were de- 
A very important fidd ci use for the hollow terinineda witii the following results.; 

Liquid dis- 
. Bulk placement • 
35 density density 

Material g/cc. g/cc. 



Polyvitiyl alcohol - - 0.012 

Polyvinyl alcohol - - .0.068 

80 Fhienolfoirmaldieihyde - 0.080 

Phenolformaldehydje - 0.069 

Fhenolformaldehyde - - 0.070 . 

Protein - - - - 0.063 

Polystyrene - - « 0.066 

35 Methyl cdlulose - - 0.055 

Sodhim silcaise - • 0.236 

, : Sodium aluminate ■ - - 0.046 

Wood flour . - - 
J ' Granulated cork 
,40 r . * Ohio perlitCv, . - ■ - 
' • * Poly^dnyl alcohol powder 

I i -The results show the hoUow. partides in 
accordance with the jnvmtion to be at least 
^s'-McMcientiii insulating capacity as granulated 
45 cork and more efficient than any of tht other 
sa^terials tesfted 

Holfe>w particles of phenol-formaldehyde re- 
-sin -were prepared baying the following pro- 
perties t—. . 
f-SO -S^ple No. .12- 
• Loose buUc density 

gm:/ca - - 0.054 

•M./ft' .... 33 . 
- " Liquid displacement 
•66 ' . Density g./cc. - - - 0.229 
j -^- Partide size, microns 
L . .. Average - r - - 26^4 
Range - - - . 2-^. 
. These hdlow partides were packed to a 
(BOdentsity. erf 3.9 .lbs. per cubic foot and their 
thernjal conductivity measured using a stan- 
tiard ftaf hot plate apparatus for use at any 
ciesked temperature. Thermal conductivity 
ar-two setis of temperatures was determined^ 
•|B5J«yith-the.follawing results: — 

Temp, of hot side, ^'F. - 54.0 135.1 
aremp. of cold side, F. - -2.6 ' 79.9 
Mean Temp. 'F. - ^ 25.7 107.5 
Thermal conductivity - 0.256 0.259 
iJfQ Density under test, lb8./ft.» 3.9 
Density under test, g./cc. 0.062 
\. The thermal conductiviQr represents the 
amount of heart in BTU per hour- which wiU 
flow through One square foot area when die 



Partide.5izc 
average range 



75 



80 



. BTU/hf./ 
. . ft*/'F/ 

0.057 38.6 2^110 0.32 
^.192 . 23.0 5-.50 T 0.31 
0.253 24.0 10^70 031 
0.536 . 5.6. 2—30 . 0.36 
0.346 13.6 2-15 . 0.30 
0.80 2.0 2^3i0 032 
0.m 35.0 2^50 0.34 
0.147 36.5 5—100 0 32 
0.552 25.0 5-100 0^5 
0.224 . . 33.6 - 10—100 o!34 

0.42 
-0.32 
0.40 
0.66 

t^peratuw gradient is cme dniee F. per inch 
tbickness. 

The above values represent die diermal 
amducovity of diis sample if used as a fijl- 
lype insulation in a refrigeratM. Jhe values 
show that this sample is a very good tiiemial 
insulator at ice temperatore as ttoU as higfast 
temperature. 
.Use of heat and/or a solvent, with applic*. 

f^- ^ i'^^T' " "^^^^ «5)edi^t for 
^ ™* parocles in the fomt (rf a 86 

s-haped mass after diejr have been packed kto 
a somewhat macoesaibk locati«m as in fiU-tvoe 
msulaacKt. 

If the .hollow particles are formed of a 
fliomoplastic material, such as cellulose ar 
acetate, ediyl .ceUulose, polyvinyl chloride, 
pdyamdes, polyethylene and die like, tii^ 
may be adhered togedier in any desired 
arrangement bv slightly softening dieir surfece 
at an elevated temperature, with application Oft 
ot moderate pressure insuflBdent to ftitten the 
partides^ 

More commonly, however, a binder is 
employed, using one of several techniques. In 
one procedure, the hidlow partides are dis- 100 
persed in a solution of a suitable. bmder, such 
as cutback asphalt,, rubber cement or poly- 
stwene dissolved in an wganic solvent or 
sodium sihcate dissolved in water. The sd- 
Tna dispersion, deposit- 106 

iM the binder upon the hollow partidw and 
adhering, diem together to produce a sdUd 



jsms. The Mowing example illusttates one 
method rf application ci this procedure. 

BXAMPIE 13/ 
HoJlow particles prepared from a phenol- 
6 formaldehyde icsin were mixed with a com- 
mercial rubber cement solution to produce a 
heavy paste. A second material was prepared 
by mixing hirilow particles from the same 
batch with anotfier preparation of commeraal 

10 grade of rubber cement which had bcen^cur 
back by addition of 50% benzene. Each of 
the pastes was spread in a mold and allowed 
to dry in air for one day at room temperature. 
The product was cured in an oven at 85 C. 

16 for two days. . . 

The two products were smular m appear- 
ance. The surface <rf each was sc^ and the 
material was more resilient than natural cork. 
The first sample had a density oi 0.14 or about 

20 8.7 lbs. per cubic foot^ while die sample pre- 
pared from the 50% cutback rubber cement 

' had a density of 0.11 or 6.8 lbs. per cubic 
foot- 

A second material was prepared by nuxmg 
26 the phenol-formaldehjrde hollow particles with 
. . a 40* aqueous sodium silicate solution and 
' evaporating the wafer at an elevated tempera- 
ture. The solid product obtained was very 
hard and strong, similar to ccmcrete in appear- 
80 ance. Its densiqr was 0.35 or 23 lbs. per cubic 
foot; Products having a lower density can be 
prepared by cutting back sodium silicate solu- 
tion with v^rater. . 
Also, if desired, die hoUow particles may 
95 be dispersed in an emulsion trf a suitable 
binder, such as aqueous rubber latex or poly- 
' vinyl acetate emulsion. This procedure can 
be illustrated as follows:— 

Example 14. 

40 A 60% neutral aqueous rubber latex emul- 
sion was cut back to 30% wi± water and 
mixed with phend-formaldehyde hollow par- 
tides prepared as set forth in Example 3 to 
produce a diick fluid mass. This was poured 

46 mto a mold connected with a vacuum and the 
excess binder drawn off. The product was 
allowed to dry overnight in air at room tem- 
perawre and then was placed in an oven and 
cured at 85' C. for two hours. 

AO The finished product was qmte resflient, 
strong and light in weight. The outer sur- 
face was tougjh and smootL The material 
had the resiliency of a medium hard rubber. 
Its density was 0.15 or about 9.4 lbs. per cubic 

66 foot, approximating low density natural cork. 
In the case of certain binders, such as 
asphalt, which have a relatively low melting 
point, it is possible to disperse the hollow par* 

' ' tides direcuy in the naolten binder. 

fjQ Example 15, 

Hollow partides of phenol-formaldehyde 
resin were mixed with resm powder (a tfaerrao" 



plastic resinous material derived^ from rosin) 
having a softening point of 106" C. (R. and 
B.) on a 50—50 volume basis. The mix was 65 
padced in a mold and placed in an oven, where 
It was hdd at 120* C. for four hours. The 
structure had the strength and texture of sand- 
stone. The density of the product was 0.40 
or about 25 lbs. per cubic foot TO 

A strong rigid structure can be prepared hy 
mixing the hollow partides with a solution of 
a thermosetting resin in a solvent-soluble 
thermoplastic state, evaporating the solvent . 
and then heating die mixture to convert the 75 
resin to a fuUy-hardened solvent-insoluble 
non-thermoplastic state. 

Example 16. 
A 50% solution oi a water-soluble partially - 
polymerized phenol-formaldehyde resin was 80 
diluted to a 10% solution with water. Hollow 
partides of the same resin were blended into 
the solution to produce a fluid paste. This 
was poured into a mold fitted with a vacuum 
attacbment and liie excess solvent drawn oS 86 
by application of vacuuni The product was 
plac^ in an oven and hdd at 85*' C. for two 
hours to rmove the water and then baked at 
120** C. for four hours to complete pdy- ^ 
merization 'of the resin binder. " \ .90 

The product was quite strong and rigid. Ir 
had a density of about 0.15 or 9.4 lbs. per 
cubic foot. 

Sheets or sliaped objects of the hollow par^ . 
tides may be bound together by binders pre- 95 
pared in situ by diemical reaction: Pprdand 
cement and gypsuni plaster are examples qt 
the chemical reaction ,type of binder, • 



Examples 17 and 18. 

Mixes of one part Portiand cement and loo 
from 3 to 9 parts of the hollow partides with 
the addition of a smsdl proportion oi sand in 
a few cases, were prepared bx the form of • ' 
cylinders 4.4 cm. in diameter and 8.8 cm. in 
height The hollow partides used were of 106 
phenol-formald^yde resin and of polyvinyl 
alcohol resin. Ihe hollow partides had the 
following properties : — 

Sample No. . 17 18 

Phenol-formaldehyde Poljrvinyl HO 

Material Resin Alcohol 

Density g./cc 

Bulk - - - - 0.054 ; p,044. :) . 
Liquid displacement - 0.239 ' iD.25' 
Particle size^ microns "115 
Average - - - 26.4 14.4 
Range - - - - 2—60 5—70 
The inixes were poiired in plastic molds ; 
where they were allowed to remain for 7 days 
to retain m?y^""'Tn moisture and then allowed 120 
to cure in air for 21 days. This 2S-ddy ciiring 
time is standard procedure for preparing con- 
crete to be used m ccMnpressive strength tests. 
After removal ficom th6 moTds the ends of th^ 
samples were levied dnd .sanded. . During 126 



testuffi.a dun sheet of medium hard rubb^ was 
placed at each end of the cylinders to assure a 
mayfmiim surface contact The test was pcr^ 



10 



16 



20 



Hollow. 
Particles 
Fhenol-fonnaldehyde 



Polyvinyl alcohol ; 
FhenoI--tbrmalddiyde 

resin and sand 
Perlite ■ . . 



Vermiculite 



Ratio 
1:3 
-1:4 
-1:4.5 
US 
1:5 
1:6 
1:9 
-iJ:6 - 

1:3:3 ' 
1:3 
1:6 
1:3 
1:5 



These results show tfiat theTiollow partides 
26 in accordance with the invendc^ are superior 
to odier lightweigjit aggregate in concrete 
when, used in the same proportions. - - . 

The concrete structures obtained could be 
sawed or nailed without craddng, and had"~a 
30 v^- fir^grained_ structure comparable in 
character to air-entrained concrete. 

Concrete containing 3 to 6% air is used in 
many parts of the country to reduce the spal- 
ling of concrete roads due to freezing and 
36 thawing. The hollow particles of tfemven- 
tion do not coalesce as does entrained air and 
cap be added in die proper cQucentration and 
nuxed for any length of dme .during trans- 
portatipn to a location. 



Phenol-formald^yde 
hollow parddes 



Density 

B-/ 
oc. 
0.66 
0.38 
aS6 
0.53 
0.52 
-0.49 
6'39 
0.65 

0-70 
0.42 
0.80 
0.53 



f<amed oa a hand opexatsd hydraulic jaess 
with a 2000 lb. pressure gauge. . g 
The foUowiiig results were obtained:— 



lbs./ 
ft* 
41.2- 
36.0 
35.0 
33.0 
32.4 
30.6 
24.3 
41.5 

77.0 
44.0 
26.0 
49.8 
32.9 



Compressive . 
Stiei^ 
psi 
500 
445 
420 

370 -. 
370 
262 
183 
430 • 

400 
400 
183 
400 
221 



Ratio 
Streogtfa/ 
Density 

1Z2 

12.2 . 

12.0 

11.2 

11.4 

8.5 
• 7.5 

1Q.4 

5.2 
9.1 
7.0 
8.0 
6.7 



40 



66 



Polyvinyl alcohol 
hdlpw particles 
Perlite 



BXAMPLB 19. 
• Lightweight plaster material was prepared 
by mamg one part fibrous gypsum plaster with 
fo^ 2 to 4 parts of phpol-fdnnaldehydft 
resm hollow, partides. These mixes vrere 
nwided in fl» fonn of cyimdera 4.4 cm. in 46 
diameter and 8.8 on m heigjht, bemg allowed 
to remam, in die molds for 7 dsqre and then 
allowed to air cutefor 21 days. After removal 
from the molds, die ends of the samples were 
levelled , and sanded and dieir comMessiveM 
sttength detetmined in a hand operated 
hydrauhc Mess with a diin sheet of medium 
hard rubber at each end of the tylmder to 
assure maxim u m surface contact. The follow- 
mg results were obtained: — • . jg 



36:5 
•36^ 
29.5 
29.0 
23.1 
22.6 



Ratio . 


g/cc 


1:2 


- 0.585 


1;2 


0.580 


1:3 


0.473 


1:3 


0.470. 


1:4 


0.370 


1:4 


0.362 


1:3 


0.56 


1:3 


0.40. 


1:3 


0.427 



Stxengdipsi 

. 212 
208 
135 
141 
106 
112 



c show that die hollow particles 

70 of die invention in lightwd^x plaister. have 
compressive strengdi values better than PerUte 
when used in equivalent proportions. 

The material was found to be crack and 
chip resistant, so diat it could be sawed or 
76 nailed without cracking. Plaster walls made 
from these hollow particles have excellent insu- 
lating and acoustiral properties. - 

Examples 20 and 21. 
Samples of rigid type insulation material 
80 ware prepared by dispersing the hollow par- 
ticles of phenol-fonnaldehyde resin rubber 



35 J9Z 
25 159 

J^f^ E%^^"^^™^^^yd« resin solu- 
tions. The hollow particles used were pre- 
pared as set ford! in Example 3 and had^ 

toUowmg properties: • • 

Sample No. 20 
Loose bulk density 
gOL/cc - - . - 0.054 
lbs./ft* - - - 3.3 
Liquid displacement 

Density g./cc. - 0.22«> 
Particle size, microns 
Average - , 26.4 
- - - 20--60 



21 

0.080 
5.0 

.253 



80 



24.0 
10—70 



The solvents weie removed by evaporation. B6 



743,866 



9 



In the case of the phenol-fonnalddiyde resin 
solution^ the solvcat was removed by vacuum 
filters after vrtiich the sample was baked in an 
oven at IBS** F. for one hour and then at 
6 220' F. for three hours to comjdete poly- 

10 

Sam^eNo. Binder 

20 rubber cement 

21 phenol-formaldehyde 
21 phenol-formaldehyde 

Cork composition - 

i#M*m«n<M4 Kir IRitWKl'c 91 



merizatton of the phend-fonnaldehYde resin. 
The density and luermal conductivity of the 
samples were then determined, with the follow- 
ing results: — 



15 



*Detemrined 1^ Fitch's apparatus. 



The samples have a very low thermal con- 
ductivity, comparable to granulated cork and 

20 hollow partides alone. 

The hollow partides may also be employed 
as a filler in hard-surface floor materials, such 
as linoleunj, asphalt til^ rubber tile and cork 
tile. A satisfactory linoleum composition may 

26 be prepared by blending die hollow partides 
in a mixture of oxidized linseed oil and wood 
flour, replaciog ±e powdered cork fiUer ordi- 
narily used. Asphalt tile is prepared from 
asbestos fiber and nuneral pigment with an 

80 asphalt binder. This tile has excellent wear 
properties, but is not as resilient as other types 
of floor covering; the indusion of hoflow £ar- 
tides in asphalt floor tile tends to increase its 
resiliency. 

85 In the specification all parts and percentages 
are by weight, imkss' otherwise indicated. 
What I daim is: — 

1. A process of forming hollow parddes 
from film^orming material, which indudes 

40 subdividing into individual droplets a solution 
comprising a volatile solvent having dissolved 
therein filmrformmg material and a latent gas 
material, and subjecting the droplets to a dry- 
ing temperature at which the solvent is vola- 

45 tilized at a rate to form a tough, relativdy gas- 
impervious surface skm coincident with par- 
tide formation, and the latent gas material is 
converted into a gas, whereby gas liberated 
within said forming partide is trapped by the 

60 surface skin within the space thereof and 
through its presence tends to prevent collapse 
of the partide walls under the pressure of the 
atmosphere during volatilization of the solvent 
in order to form partides having a continuous 

66 hole-free skin surface. 

2. A process ui accordance with claim 1 in 
which me latent gas material is a dissolved 
gas. 

3. A process in accordance with daim 1 in 
60 which the latent gas material is a substance 

which is decomposed at drying temperatures 
with formation of a gas. 

4. A process in accordance with daim 3 m 
whidi me substance is dinitrosopentamethy- 

66 lene tetramine. 



Density 
lb8./ft^ 

10.0 

14.0 
8.1 

15.0 



Average K* 
BTU/hr./ 
ft.V F./in. 

0.43 

0.29 

0.32 

034 



5. A process in accordance with daim 3 m 
which the substance is arr*"^"""^"* nitrite or 
mixture forming the same, 

6. A process in accordance with daim 3 in 
which the substance is ammonium carbonate. 70 

7. A process in accordance mth claim 3 ui 
whidi the substance is anmionium bicarbonate. 

8. A process in accordance with daim 1 in 
which tie film-forming material is polyvinyl 
aloohoL 76 

9. A process in accordance with daim 1 in 
which the filmrf orming material is a phenoi- 
formaldehyde resin. 

10. Small, discrete, hollow partides. of film- 
forrning plastic substantially &ee of holes and 80 
havitiig a gas sealed in die hollow space 
therein. 

11. A shaped mass comprising hollow par- 
tides in accordance with daim 10 whose sur- 
faces are bound together. . 85 

12. A shaped mass comprismg hollow par- 
tides in accordance witii daim 10 whose sur- 
faces are bound together by adhesion directly 
to one anotiier. 

13. A shaped mass in accordance with claim 00 
11 in which the partides are bound t(^ether 
by a cementitious material 

14. A mass in accordance with claim 13 in 
which the cementitious materid is rigid. 

15. A ^aped mass in accordance with claim 95 
13 in which the cementitious material is non- 
rigid. 

16. A shaped mass comprising hollow par- 
tides in accordance with daim 10 dispersed 

as a discontinuous phase in a binder as a conr 100 
tinuous phase. 

17. A shaped mass in accordance with daim 
16 in whidi the binder is concrete. 

18. A shaped mass in* accordance with daim 

16 in which the binder is gypsum plaster. 105 

19. A shaped mass in accordance with daim 
16 in which the binder is a synthetic resm. 

ELKINGTON & FIFE, 
Consulting Chemists and 
Chartered Patent Agents, 
Bank Chambers, 329, Hidi Holbom, 
London, W.C.1, 
Agents for the Apphcant 
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